INTRODUCTION
Geographic gradients in both primary producer palatability and herbivore intensity have been well documented in both marine and terrestrial systems; see reviews by Levin (1976) and Gaines & Lubchenco (1982) , and more recent studies, including Alonso (1999) , Scheidel et al. (2003) , and Long & Trussell (2007) . Tropical marine systems are typically characterized by very high levels of herbivory (Carpenter 1986 , Hay & Steinberg 1992 , Floeter et al. 2005 ) and tropical marine algae are often heavily defended by morphological and/or chemical characteristics (Hay et al. 1988 , Meyer & Paul 1995 , Granado & Caballero 2001 . When compared to their closely related temperate counterparts, tropical algal species may have higher levels of chemical defenses and be less palatable (Bolser & Hay 1996) . A similar latitudinal gradient in the strength of herbivory and plant defenses has been documented for salt marsh plants along the Atlantic coastline of the USA (Pennings & Silliman 2005) and in Europe (Pennings et al. 2007) .
Gradients in palatability and herbivory may also vary on vertical (elevational) scales. In terrestrial systems, plant palatability increases along an increasing elevational gradient; correlated with this is a decrease in the intensity of herbivory (Bruelheide & Scheidel 1999 , Salmore & Hunter 2001 . Intertidal systems, with ABSTRACT: Primary producers such as plants and macroalgae can vary in palatability to their herbivorous grazers; this leads to variation in the intensity of herbivory, which can play an important role in setting the composition and diversity of producer assemblages. However, despite strong gradients in the composition and abundance of herbivores across intertidal gradients, little is known about how macroalgal palatability and associated herbivore defenses vary across strong vertical gradients in marine rocky intertidal zones. Plant defense theory predicts that decreasing intensity of herbivory with increasing tidal elevation should result in higher intertidal species being more palatable and less defended than their lower intertidal counterparts. In this study, we examined the relative palatability of 9 pairs of closely related macroalgal species that occupy different elevations across this vertical gradient, to 3 of the most common local herbivores. We conducted controlled paired-choice feeding assays for every herbivore-algal species combination. Although we found no evidence for a vertical gradient in palatability consistent across all 3 herbivores, there were many significant, species-specific herbivore preferences driven by morphological and/or chemical properties of the macroalgae. In general, herbivores consumed more of the algae that they did not co-occur with: the lower intertidal herbivores Strongylocentrotus purpuratus and Tegula brunnea preferred higher intertidal algae overall, and the higher intertidal herbivore Tegula funebralis preferred lower intertidal algae. Our results suggest that the intensity of herbivory may change with tidal elevation in more complex ways than previously suspected, and that studies of macroalgal palatability and antiherbivore defenses in these systems will need to examine the relative impacts of a range of herbivores on algal community structure.
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Resale or republication not permitted without written consent of the publisher their compact stress gradient, have often been assumed to be experimentally tractable analogs of larger biogeographic or altitudinal gradients. However, little is known about vertical gradients of herbivory and macroalgal palatability in marine systems, and to our knowledge no studies have explicitly tested whether intertidal algae exhibit gradients in palatability or defenses among species analogous to those reported on biogeographic scales.
In rocky intertidal systems, for example, a gradient of increasing plant palatability with increasing elevation could occur if (1) there is a vertical gradient in herbivore pressure and (2) a trade off between growth, stress tolerance, and defense (e.g. as hypothesized by Rhoades 1979) . First, the number, diversity, and composition of herbivores (Wolcott 1973 , Morris et al. 1980 , Paine et al. 1985 , Scheibling 1994 , Chavanich & Wilson 2000 , as well as the intensity of consumption (Menge & Sutherland 1976 , are well known to change with tidal elevation due to a combination of factors. Chiefly, this gradient occurs because most intertidal grazers are marine and fewer kinds of animals are able to survive the longer the duration of emersion at high tidal elevations. Even among grazer species that can survive extended emersion, the time each individual can spend feeding will generally decline with increasing elevation. Few terrestrial animals are significant macroalgal grazers in California intertidal systems.
This gradient in the intensity of consumption could produce a gradient in the palatability of algae through a combination of 2 mechanisms. First, only species with low palatability should persist in the low intertidal, where herbivory is intense. Second, higher intertidal macroalgae are exposed to wider daily fluctuations in temperature and salinity than their lower intertidal counterparts and thus are subject to greater environmental stress (Connell 1961 , Paine & Vadas 1969 , Menge 1991 . If hypothesized tradeoffs between defense and stress tolerance exist, higher intertidal species (or individuals) may allocate more resources toward surviving these abiotic stresses and hence have fewer resources to devote to herbivore defense. This has been demonstrated within at least 1 species: palatability of the brown alga Fucus vesiculosus decreases with tidal elevation; controlled field experiments demonstrated this to be the result of increased environmental stress in the high intertidal (Deal 1997) , suggesting that the defense vs. stress tolerance tradeoff may be real in intertidal algae.
In this study we assess whether gradients in the intensity of herbivory and tradeoffs between defense and other life functions are sufficiently strong to produce a vertical gradient in relative macroalgal palatability. We examined this question through a series of laboratory-based paired-choice feeding preference assays. We used common macroalgal species and invertebrate herbivores from a rocky intertidal system along the west coast of the USA. Specifically, we asked 2 questions: (1) Is there a vertical gradient in macroalgal palatability when comparing herbivore preference between phylogenetically or functionally similar species? (2) Can palatability differences among high and low intertidal species pairs be explained by differences in morphology, chemistry, tissue toughness and/or nutritive content?
MATERIALS AND METHODS
Study system. We selected every possible pair (n = 9) of macroalgal species from around Bodega Bay, California, USA, in which each pair contained closely related species (confamilial or congeneric in most cases) with similar morphologies, but occupying different tidal height levels on rocky shores. For all pairs, at least 1 member of the pair had been observed to be consumed by common intertidal herbivores in the field. The tidal levels range from high intertidal to shallow subtidal (a difference of approximately 3 m) and we recorded the tidal height range of each species using survey equipment (C. Thornber unpubl. data). The 9 species pairs selected, with the higher intertidal species listed first, were: (1) the kelps Saccharina sessile (C. Agardh) Kuntze (previously Hedophyllum sessile; Lane et al. 2006) and Laminaria setchellii P.C. Silva, in the family Laminariaceae; (2) the kelps Postelsia palmaeformis Ruprecht and Nereocystis luetkeana (9) the foliose red algae Mazzaella flaccida (high) and Mazzaella flaccida (low). All species will be subsequently referred to by their genus name alone, except for congeners. Previous studies have documented the abundance and distribution of most of these species (Abbott & Hollenberg 1976 , Sousa et al. 1981 , Foster 1982 , Murray 1989 , Murray & Horn 1989 , Schiel et al. 2004 ).
In all cases except for Mazzaella flaccida, the vertical range of each species was too narrow (~30 cm or less) to allow for any valid intraspecific comparisons of algal palatability across tidal heights. While ideally we might have compared high versus low intertidal congeners for all comparisons, it was simply not the case that valid congeners always occur split between high and low intertidal locations. Also, to avoid confounding factors in palatability, such as the presence of reproductive structures or tissues , we used nonreproductive tissues for all assays.
We selected 3 of the most abundant herbivores in this systems: the low intertidal/subtidal purple sea urchin Strongylocentrotus purpuratus Stimpson, the low intertidal/subtidal turban snail Tegula brunnea Philippi, and the higher intertidal turban snail Tegula funebralis A. Adams for our feeding assays (Foster et al. 2003 , Snellen et al. 2007 ); these Tegula species were very recently reclassified as Chlorostoma species (Carlton 2007) . These herbivores previously had been observed consuming at least 1 species of each algal species pair in the field (Steinberg 1985 , C. Thornber pers. obs.). Other common large herbivores in this system include the kelp crab Pugettia producta Randall and the prickleback fish Xiphister mucosus Girard (Hines 1982 , Horn et al. 1982 , Byrnes et al. 2006 . We conducted feeding assays with these 2 species as well, but both consumed little, if any, of our experimental algae (instead preferring Macrocystis spp. and Ulva spp., respectively, C. Thornber pers. obs.).
Whole-tissue assays. To determine if herbivores discriminate between higher and lower intertidal macroalgae, we performed paired-choice feeding preference assays on living macroalgal tissues of each of the 9 species pairs with each of the 3 herbivore species (with 1 exception, noted below). Macroalgae were collected in the field and their wet mass was measured after spinning each piece 15 to 20 times in a salad spinner to remove excess water. Initial wet masses ranged between 0.75 and 2 g, corresponding to roughly 6 to 9 cm 2 of surface area. To assess herbivore selectivity, we calculated the mass consumed (initial minus final wet mass) of each tissue sample. Two pieces of tissue (one from each algal species in a pair) were placed in a container in a flow-through seawater system with 1 herbivore, for a total of 20 replicates per experiment. Containers were 2 and 5 l plastic paint-mixing buckets for snail and urchin assays, respectively. We used an equal number of non-herbivore controls for each assay; the changes in mass for control tissue did not differ significantly from zero and thus are not discussed further here. Each replicate was terminated when approximately one-third to one-half of the total tissue biomass had been consumed. We disregarded replicates from which (1) herbivores did not consume any tissue after 3 d, or (2) both pieces were completely consumed in less than 12 h (which was rare). Prior to each experiment, all herbivores were starved for 2 to 3 d to standardize hunger levels; non-starved herbivores frequently consumed little algal tissue within the first 3 d of an experiment, while most algal tissue began to degrade after (but not before) approximately 3 d in the seawater system. Overall, 25 feeding assays were conducted. The Corallina/Bossiella species pair was only tested against the purple urchin; both of these species are very tough coralline algae, and neither species of turban snail grazed on either tissue in preliminary experiments (C. Thornber pers. obs.).
Freeze-dried assays. For all algal species pairs in which herbivores demonstrated a significant difference in consumption between living macroalgal tissues, we tested whether physical (structural) differences between the species explained herbivore selectivity. We freeze-dried and then ground each macroalgal species into a fine powder in a Wiley Mill, mesh size 60 (GE Motors). We then reconstituted each species into squares of artificial food at natural wet-dry mass ratios by adding heated deionised water-agar mixture (Bacto TM Agar, Becton, Dickinson, and Company) to the dry algal powder dissolved in water; the exact proportions varied based on the percent water composition of each algal species. This slurry was then poured onto window screening, upon which it cooled and adhered, for urchin feeding trials (Bolser & Hay 1996) . One piece of window screening containing a block of each of the 2 artificial food types (~3 cm 2 each) was given to each herbivore (n = 20). The area (no. of squares) of reconstituted food of each type eaten was recorded.
Because Tegula brunnea and T. funebralis feed via radular scraping, we poured a very thin layer of the slurry onto filter paper for snail feeding trials (~6 cm 2 of food). A digital photograph of each piece of artificial food was taken both pre and post exposure to T. funebralis and T. brunnea; each snail was given a choice of 2 artificial food types corresponding to the 2 macroalgal species (20 replicates, as in the urchin feeding trials). We analyzed the area of algae eaten via image analysis (ImageJ, www.nih.gov). All feeding trials lasted from 1 to 3 d, and the experimental design was the same as for the whole-tissue feeding assays (above). Eleven different freeze-dried assay experiments were conducted.
Chemical extract assays. For species pairs in which there was a significant feeding preference in the freeze-dried tissue assays, we assessed the effects of chemical extracts from the algae on herbivore consumption. From wet tissue of each algal species, we extracted the crude lipophilic and water-soluble chemical fractions (see Hay et al. 1994 ).
We ground a known tissue volume in a blender, then extracted the tissue twice with a 2:1 ratio of dichloromethane:methanol for the lipid-soluble fraction, and then subsequently extracted with a 1:1 ratio of water:methanol for the water-soluble fraction. For each extraction step, we used at least twice as much methanol (by volume) as the original algal tissue's volume. Solids were removed by filtration. The crude extract was partitioned to separate the water and lipid soluble fractions and the solvents were removed via rotary evaporation. We then coated the chemical extracts onto freeze-dried, ground tissue of the kelp Macrocystis spp. (see Thornber et al. 2006 for methods), which is a known palatable food for these 3 herbivores (Byrnes et al. 2006) .
The mixture of chemical extracts on Macrocystis was prepared into artificial food, as described in the 'Freeze-dried assays' subsection. The chemicals in the extracts were present in the same volumetric concentrations as would be found in living tissue for each species. The palatability of water soluble and lipid soluble fractions were tested separately. Extracts coated onto artificial foods were tested in the same pairs as the whole-tissue and freeze dried material, to test whether chemical extracts were responsible for initial differences in whole-tissue feeding preferences.
Statistical analyses of feeding assays. To avoid pseudoreplication, individual herbivores were used for only 1 feeding assay. We analyzed all paired-choice feeding assays (whole-tissue, freeze-dried, and chemical extract assays) with nested ANOVAs (JMP v5.1 www.sas.com). Algal origin (high/low intertidal) was nested within algal pairs, and Tukey's HSD was then used to examine differences within individual pairs.
Tissue characteristics. We also measured the tissue toughness and percent organic content of macroalgal tissues to assess whether these factors could help explain any observed differences in herbivore selectivity. We constructed a tissue penetrometer (Duffy & Hay 1991) and used 5 blades from each species to assess the force required to penetrate the thallus. Ten locations were randomly selected on each blade and tested; the results (ml H 2 O needed to pierce the thallus) of these 10 trials per blade were averaged prior to statistical analysis. The toughness of the coralline algal pair Corallina and Bossiella exceeded our measurement capabilities; both are extremely tough due to calcification in their thalli.
As a proxy for nutritive content, we determined the percent organic content (as ash-free dry mass) of each species by combusting 10 dried blades of each species in a muffle furnace for 2 h at 500°C. We analyzed all tissue data with nested ANOVAs (JMP v5.1, www.sas. com). Algal origin (high/low intertidal) was nested within algal pairs, and Tukey's HSD was then used to examine differences within individual pairs.
RESULTS

Strongylocentrotus purpuratus feeding preferences
Overall, the low intertidal urchin Strongylocentrotus purpuratus consumed 1.5 times more tissue from the higher intertidal algal species, with significant differences among species pairs (Fig. 1A, Table 1 , p < 0.0001 for both tidal height and species pairs). Planned multiple comparisons revealed that there were significant differences in 6 of the 9 species pairings. Urchins consumed 3 to 4 times as much tissue of each higher algal species than its lower counterpart in 4 cases (Corallina/ Bossiella, Mastocarpus/Chondracanthus, Mazzaella flaccida/ splendens, and Postelsia/Nereocystis; p < 0.05 for all). In contrast, for 2 species pairs, urchins consumed more tissue from lower intertidal species (Saccharina/Laminaria and Microcladia borealis/coulteri, p < 0.05 for both).
When we ran feeding assays on tissues that were homogenized to remove natural morphological differences among species, the significant difference in urchin consumption of high and low intertidal algal tissue remained (p < 0.0001), although there were not significant differences among algal pairs (p = 0.7845, Fig. 2, Table 1 ). Multiple planned comparisons revealed that 4 of the 6 significant feeding preferences in the whole-tissue trials remained intact when tissue was homogenized; only urchin preferences among both pairs of kelps (Saccharina/Laminaria and Postelsia/Nereocystis) disappeared as a result of homogenization. The 4 significant preferences that remained included 3 pairs in which the higher intertidal species was preferred (Corallina, Mastocarpus and Mazzaella flaccida) and 1 pair in which the lower intertidal species was preferred (Microcladia coulteri, Fig. 2A ). These preferences were not reflected in urchin consumption of artificial foods laced with chemical extracts from any of these pairs (Fig. 3, Table 1 , p = 0.2111), although there was a trend in the water-soluble extracts for increased consumption of both the higher Corallina and Mazzaella flaccida and the lower Microcladia borealis that matched the whole-tissue and freeze-dried assays (Fig. 3) .
Tegula brunnea feeding preferences
The low intertidal snail Tegula brunnea exhibited significant preferences among species pairs and for high intertidal tissue over low intertidal tissue (Fig. 1B, Table 1 , p < 0.0001 for both). Multiple planned comparisons revealed that when T. brunnea exhibited a difference in consumption between high and low species, those preferences were in the same direction as for as Strongylocentrotus purpuratus; both herbivores consumed more of the lower intertidal Microcladia coulteri than its higher intertidal counterpart and more of the higher intertidal Postelsia than its lower intertidal counterpart (p < 0.05 for each, Fig. 1B) . In homogenized tissue assays, T. brunnea exhibited significant preferences among species pairs but only a marginally significant preference for high over low species (Fig. 2B, Table 1 , p < 0.0001 and p = 0.0583, respectively).
Tegula funebralis feeding preferences
The high intertidal snail Tegula funebralis consumed 3 times as much of the lower intertidal algal species than their higher intertidal counterparts, with significant differences among species pairs as well (Fig. 1C, Table 1 , p < 0.0001 for both tidal height and species pairs). Mul- Tukey's HSD. All data are mean ± SE. Black bars: higher intertidal alga; white bars: lower intertidal alga tiple planned comparisons revealed that T. funebralis exhibited a significant preference for the lower intertidal Laminaria, Chondracanthus, and Nereocystis over their higher intertidal counterparts (p < 0.05 for each, Fig. 1C) , with a trend in the same direction for the lower Mazzaella flaccida over Mazzaella splendens (p = 0.21); in no case did T. funebralis significantly prefer the higher intertidal member of a species pair. All tidal height feeding preferences disappeared in homogenized tissue assays, although T. funebralis exhibited significant preferences among species (Fig. 2C , Table 1 , p = 0.45 and p = 0.0002, respectively). This precluded the need to conduct feeding assays for T. funebralis with chemical extracts for any of the algal species pairs.
Tissue characteristics
There were significant differences in tissue toughness (as measured by our tissue penetrometer) among species pairs and between tissues at different tidal heights, nested within species pairs (Table 2, p < 0.0001 for both). Tukey's HSD revealed significant differences for 5 of the 8 species pairs tested. The lower tissue was 1.5 to 2 times tougher for Laminaria, Microcladia coulteri, and Mazzaella splendens than their higher counterparts, while the higher tissue was 1.2 to 2 times tougher for Mastocarpus and high Mazzaella flaccida than their lower counterparts (Table 3) . Significant differences in tissue toughness for both the Mastocarpus and Mazzaella splendens pairs matched herbivore feeding preferences (with Tegula funebralis preferring the less tough Chondracanthus, and Strongylocentrotus purpuratus preferring the less tough Mazzaella flaccida, Table 4 ).
There were also significant differences in percent organic content among species pairs and between tissues at different tidal heights, nested within species pairs (Table 2, p < 0.0001 for both). Tukey's HSD revealed significant differences for 4 of the 9 species pairs tested; the higher intertidal species (Corallina, Mastocarpus, Postelsia, and Pelvetiopsis) always had a higher organic content than their lower intertidal counterparts (Table 3) . Tissue organic content ranged from a low of 17.23% for the coralline alga Bossiella to a high of 78.64% for the foliose red alga Mastocarpus. Significantly higher organic content matched herbivore feeding preferences for Corallina, Mastocarpus, and Postelsia (by Strongylocentrotus purpuratus) as well as for Postelsia (by Tegula brunnea; Table 4 ).
DISCUSSION
We found support for an overall trend of the higher intertidal macroalgal species being significantly more palatable for 2 of the 3 herbivore species tested (Strongylocentrotus purpuratus and Tegula brunnea but not T. funebralis; Table 1 ). However, these preferences were not universal across all macroalgal species pairs and, in particular, the overall significant preference for higher macroalgae in T. brunnea appears to be driven by a strong preference within only 1 species pair (Postelsia over Nereocystis; Fig. 1B ). Unlike elevational gradients for plants in terrestrial systems, in which both herbivory and plant chemical defenses funebralis. Blank spaces indicate that no feeding assays were performed for a particular herbivore/pair of macroalgal species comparison, due to the lack of a significant feeding preference for live tissue (see Fig. 1 ). *Significant difference between tissue types (p < 0.05), as calculated by Tukey's HSD. All data are mean ± SE. Black bars: higher intertidal alga; white bars: lower intertidal alga. Due to differences in herbivore feeding strategies, the y-axis represents the number of squares of window screening consumed by S. purpuratus and the These results lead us to urge caution in using the rocky intertidal as an experimentally tractable model system for examining mechanisms underlying biogeographic patterns in herbivore defenses across larger-scale gradients.
The differences in herbivore preference were spread across different algal taxonomic groups (red and brown macroalgae) and functional forms (blades, turfs). To obtain a more detailed understanding of the mechanisms potentially responsible for herbivore selectivity in each case, we must examine each herbivore/algal species pair interaction individually, through several types of feeding assays and tissue analyses (Table 4) . Strongylocentrotus purpuratus significantly preferred the low intertidal species in 2 pairs and the high intertidal species in 4 (Fig. 1A , Table 4 ); these differences could be explained by morphology alone for one of the low species (Saccharina) and by both morphology and organic content for one of the high species (Postelsia). In the other 4 cases, the differences may be due to chemical defenses (Microcladia coulteri), chemical defenses and a lower tissue toughness (Mazzaella flaccida), or chemical defenses and a higher organic content (Corallina and Mastocarpus).
Our chemical extract assays indicated that neither lipid nor water soluble extracts alone contained chemicals that altered palatability (Fig. 3, Table 1 ). However, given that feeding preferences were still present after morphological differences were removed ( Fig. 2A) , some difference in tissue chemistry may likely explain the feeding preferences of Strongylocentrotus purpuratus. It may be that volatile chemicals were lost during the extraction process, that a combination of both lipid and water soluble extracts were necessary to influence feeding preferences, or that a combination of morphological and physical factors together may determine algal palatability (Paul et al. 2001) . Many macroalgae, including several of the species used here, do produce various water-and lipid-soluble metabolites as defenses against herbivores (Paul et al. 2001 , Van Alstyne et al. 2001 , Wright et al. 2004 . Our results do not contradict these findings but merely demonstrate that inter-species variation in chemical defenses does not appear to be important in determining the relative consumption rates among the species in the pairs that we used. By contrast, our data suggest that chemical defenses did not play a role in the feeding preferences of either Tegula species (Fig. 2) . Feeding preferences in T. brunnea can be explained by differences in morphology alone (for Microcladia coulteri), and a combination of morphology and organic content (Postelsia). Feeding preferences in T. funebralis were driven by differences in morphology alone (for both Microcladia coulteri and Nereocystis), and a combination of morphology and tissue toughness (for Chondracanthus). Interestingly, all morphological differences appeared unrelated to differences in tissue toughness as measured by our penetrometer (Tables 2 to 4), except for T. funebralis' preference for Chondracanthus. This suggests that the herbivores base their grazing preferences on other morphological characteristics, such as tissue surface texture, that may be subtle enough to be unobvious to human researchers, or that penetrometers may not provide an accurate assessment of herbivore grazing mechanisms. Algal morphology has been shown to affect feeding preferences of similar Tegula species in California (Schmitt 1996) as well as many other herbivores in other regions (Littler & Littler 1980 , Dethier 1981 , Hay et al. 1994 .
We designed our algal pairings to minimize morphological and evolutionary differences within each pair as much as possible, given the suite of species that live in rocky intertidal systems on this coastline; it is possible that other pairings may lead to different results. However, preliminary assays that offered urchins or snails a simultaneous choice among 4 of the most common low (Endocladia muricata, Fucus, Mastocarpus, Pelvetiopsis) and 4 most common high intertidal macroalgae (Chondracanthus, Gastroclonium subarticulatum, Mazzaella splendens, Prionitis lyallii) also failed to find consistent support for a greater palatability of higher intertidal species (C. Thornber unpubl. data).
Macroalgae may also exhibit significant intraspecific differences in palatability (Wright et al. 2000 , Van Alstyne et al. 2001 . For example, both the morphological and chemical defenses of at least one of the intertidal algae used here (Mazzaella flaccida) can vary with life-history stage and reproductive status . We restricted our experiments to comparing only vegetative, non-reproductive tissues to standardize across all species. It is possible that reproductive tissues of the same species we examined could potentially differ in palatability from their vegetative counterparts and there could be intertidal gradients in the palatability of reproductive individuals that we did not investigate.
In addition, at our site, only one species (Mazzaella flaccida) had a vertical distribution broad enough to allow for robust intraspecific palatability comparisons across tidal heights. While lower intertidal M. flaccida individuals are generally larger and more deeply pigmented than higher intertidal M. flaccida individuals (C. Thornber unpubl. data), none of the 3 herbivores exhibited a significant preference between high and low individuals. Thus, determining if there are interspecific (vs. intraspecific) differences in palatability that correspond to relative tidal heights is appropriate for this system. 
Microcladia borealis
Low -all N -all N -all Y -T.b., T.f. Y (lipid)? -S.p. Microcladia coulteri Saccharina Low -S.p. N -S.p. N -S.p. Y -S.p. N -S.p. Laminaria Corallina High -S.p. n/a Y -S.p. N -S.p. Y (lipid)? -S.p. Bossiella Mastocarpus High -S.p. Y -T.f. Y -S.p. Y -T.f. Y? -S.p. Chondracanthus Low -T.f.
Mazzaella flaccida
High -S.p. Y -S.p. N -S.p. N -S.p. Y (water)? -S.p. Mazzaella splendens Postelsia High -S.p. N -all Y -S.p., Y -S.p., N -all Nereocystis High -T.b. T.b. T.b., T.f. Low -T.f.
b. = T. brunnea; T.f. = T. funebralis).
In each pairing, the higher intertidal alga is always listed first. Y means that a specific factor explained the observed preference in live tissue, whereas N means it did not. A '?' after the Y means that there may have been chemical differences that our results did not detect (see 'Materials and methods') in either the lipid-soluble or watersoluble fraction. See 'n/a' explanation in Table 3 One of the most surprising findings of our study was that herbivore preference, when present, was best predicted by the tidal elevation of the alga compared to that of the particular herbivore: higher intertidal grazers typically preferred lower intertidal algae and vice versa. Variation in the effectiveness of particular defenses against different herbivores has been documented for other macroalgal species as well (Hay et al. 1987 , Cronin & Hay 1996 . In our context, these differences in palatability could represent an evolutionary response by algae that are specific to frequently encountered herbivores with different feeding modes.
In particular, gastropods are dominant high intertidal grazers in our system and they rasp tissue surfaces, and thus may be more affected by changes in surface tissue morphology. In contrast, urchins are dominant subtidal and low intertidal grazers that consume the entire thallus readily; that they are often unaffected by toughness of thalli is evidenced by their habit of consuming crustose coralline algae (Wai & Williams 2005) and even boring holes into granitic rock (Erickson et al. 2006) . Alternatively, differences in algal susceptibility to different herbivores could be the indirect result of algal adaptation to physical stresses. For example, if high intertidal algae are more often covered with thick cuticles or other anti-desiccation adaptations, then this might indirectly influence the palatability of these algae to surface-rasping herbivores like snails, but not to grazers such as urchins. Thus, if herbivory is important in setting the distributions of some species in our system, then palatable algae should generally grow where their herbivores are not present. The overall preference of Strongylocentrotus purpuratus for tissues from higher intertidal species may serve as a mechanism for excluding these species from the urchins' preferred habitat and setting their lower intertidal range limit, as these urchins are a dominant intertidal herbivore (Paine & Vadas 1969 . Similarly, while individual Tegula funebralis consume far less than individual urchins, these snails can reach very high densities in the field . Although upper distributional limits to algae are usually determined by physical stresses in our system (Foster 1982 , Harley 2003 , this need not be the case for all algal species.
In a broader context, recent introductions of plant species into new habitats do suggest that evolutionary history can influence herbivore feeding preferences. In analyses by Parker & Hay (2005) and Parker et al. (2006) , native herbivores were shown to suppress the abundance of exotic plants more than native plants and exotic herbivores suppressed the abundance of native plants more than exotic plants, due to herbivore feeding preferences for species with which they do not share an evolutionary history. Our results could be interpreted as offering partial support for this trend, with macroalgae often being most heavily defended against herbivores with which they most commonly co-occur. 
